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(54) l\/latnx of integrated magnetic recording heads of thin film technology 



(57) A matrix array of recording heads, wherein 
each head is independent from another both in temns of 
its magnetic circuit and excitation conductors. Each in- 
dividual head has a planar magnetic circuit and an hel- 
ical coil wrapped around the lower part of the magnetic 
circuit. The matrix array is collectively fabricated using 
full thin film technology on non-magnetic substrates. 



Preferably, the heads are aligned in an oblique lattice 
with the write gaps aligned along rows and offset by a 
constant value along columns. Each individual head is 
connected to the control electronics through intercon- 
nects to the backside of the wafer, allowing independent 
control of the write parameters. The die fonning the de- 
vice is shaped on its edges and top surface to optimize 
head/medium positioning and minimize wear. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates generaily to a 
magnetic recording head and, more particularly, to a 
matrix-type thin film magnetic recording head for record- 
ing of multiple-trac)<s on recording tapes, for example. 

Description of the Related Art 

[0002] To keep pace with the ever Increasing perform- 
ance requirements of magnetic storage devices (for ex- 
ample, hard-disks, tapes drives or floppies), ever in- 
creasing area densities and data rates are required. The 
area density Is limited by lateral tape motions, residual 
head servo tracking errors, mechanical tolerances on 
the head, thennal and hygroscopic coefficient of expan- 
sion of the media, etc. The most widely used approach 
to achieve both high area densities and high data rates 
is to write and read simultaneously several tracks in par- 
allel on the tape. In standard tape drives using multiple 
heads, the minimum distance which is possible between 
neighboring heads (due mostly to the pitch of the exci- 
tation coil) still leads to a large distance between the 
outermost tracks which are written simultaneously when 
a high degree of parallelism is required (using several 
tape heads). The tape is filled by sequential Interleaved 
writing, where neighboring tracks are written at different 
times. This Interleave writing can be avoided by writing 
adjacent tracks at the same time using matrix arrays of 
heads in which packs of adjacent tracks with no or little 
guard band between tracks can be written simultane- 
ously. 

[0003] Such matrix heads can be made mechanically 
by several steps of sawing, winding and bonding, such 
as is known from the prior art, for example as in the fab- 
rication of Metal-ln-Gap (M\G) heads. It can also be 
made by hybrid technologies combining the above men- 
tioned techniques and thin film technologies as de- 
scribed in the French patents Nos. 2 630 853 and 2 648 
940. Narrow and densely packed data tracks can how- 
ever be advantageously obtained by using full thin film 
technology. In thin films technologies, however, the 
manufacturing cost of the head Is directly proportional 
to Its surface area on the wafer. To decrease the footprint 
of the head on the wafer, it is necessary to minimize the 
area lost for the electrical connections and the pitch be- 
tween adjacent heads, hence reducing the size of an 
elemental head. The minimization of the lost area can 
be achieved via Interconnects, as described In the U.S. 
Patent No. 5,933,940, which pushes the connection 
pads to the back side of the wafer, e.g. the side opposite 
to the recording media. The minimization of the pitch has 
been described in the U.S. Patent No. 5,124,869. In the 
apparatus described therein, the magnetic field of the 



write head is not produced by a coil wound around part 
of the magnetic circuit, but by two single row and column 
conductors crossing under the magnetic poles of the 
coresponding write head. These column and row con- 

5 ductors are aligned with a head matrix network so as to 
obtain one head at each row/column intersection. The 
fabrication technique is generally of the hybrid type, us- 
ing a magnetic (preferably ferrlte) grooved substrate on- 
to which the conductors are arranged and magnetic 

10 poles and gaps to close the magnetic circuit obtained 
either by thin layer deposition or from a second sub- 
strate which is subsequently bonded to the first sub- 
strate. 

[0004] Although this head provides for a great integra- 
is tion, in particular due to the absence of coil windings, it 
has several drawbacks. 

[0005] First: the addressing of a single head element 
is done by the superposition of the row and column ex- 
citation field, the field created at the gap of the head onto 
the medium being practically proportional to the sum of 
the excitation cun-ent of the row and column. The head 
has therefore to be designed such that an individual ex- 
citation by a given row (or column) is insufficient to over- 
come the medium coercive field, whereas the sum of 
the row and column excitation contributions is targe 
enough to overcome the coercive field. In the original 
embodiment, this is done by using a dipolar pulse of am- 
plitude 21/3 on the columns (or row) and a pulse of am- 
plitude +1/3 or -1/3 on a row (orcolumn). These recording 
embodiments however can lead to a significant parasitic 
recording signal being sent by a neighboring cell on the 
corresponding column, in thefonn of an undefined mag- 
netic state on the medium. This is known as crosstalk, 
in other words, recording by a head which has not been 
selected to write, To overcome this issue, complex re- 
cording schemes have been developed such as de- 
scribed In the U.S. Patent No. 5,394,286. Other ap- 
proaches Include using saturable soft magnetic layers 
within the gap which would saturate (and hence allow 
the magnetic flux to leak onto the medium only if the 
excitation field Is large enough), a writing scheme by In- 
hibiting a 4 pole magnetic head, secondary gaps to In- 
crease the head overall reluctance, a derived current of 
opposite polarity to the excitation cun-ent in neighboring 
cells through a well chosen resistor, addressing ICs, etc. 
These refinements are described in particular in the U. 
S. Patents Nos. 5,973,890; 5,063,467; 5,546,255; 
5,086,362, the published International PCT Patent Ap- 
plication No. W094/15332, and the European Patent 
Document EPO 463 908. All add some undesirable com- 
plexity to the system. 

[0006] Second, as linear excitation conductors that 
conrespond basically to a single turn coll (two turns If 
one considers the sum of a row and column conductor 
for the selected head), the excitation current required to 
achieve the gap field which can reverse the media mag- 
netization is rather high. An alternative in which the ex- 
citation is provided by an independent magnetic circuit 
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using a multiple turns coil coupled to single conductor 
that is in turn coupled to the write head has been de- 
scribed in the U.S. Patent No. 5,671,106. The major 
drawbacks of this design, however, are a large total foot- 
print of the head on the wafer (and hence a high cost), 
and in a matrix design an increased inductive/capacltive 
crosstalk through the connection conductors. 
[0007] Third: manufacturing which involves both mac- 
roscopic and thin film technologies does not allow for an 
increased integration for future generation products 
which will require ever decreasing individual data track 
widths. The integration into a full thin film technology has 
been described In the U.S. Patent No. 5,933,940 based 
on the row/column excitation conductor design. 

SUMMARY OF THE INVENTION 

[0008] The present invention enables all of the above 
mentioned limitations to be overcome, using a matrix ar- 
ray of adjacent and independently controlled write 
heads using only thin film technologies, Furthennore, 
the present invention apparatus allows for the head sur- 
face contour (tape bearing surface) to be Integrated dur- 
ing the manufacturing process. 
[0009] The device of the present invention includes a 
matrix an-ay of recording heads, wherein each head Is 
Independent from another both In terms of its magnetic 
circuit and its excitation circuit. In one embodiment, the 
matrix array is fabricated using thin film technology and 
a planar design, as described for example in the patent 
U.S. Patent No. 5,863,450, filed by one of the applicants 
and Incorporated herein by reference. In another em- 
bodiment, the heads are aligned in an oblique lattice 
with the write gaps aligned along a (horizontal) row and 
offset along a (vertical) column by a constant value. 
[0010] Each magnetic head includes a magnetic cir- 
cuit fonned by a bottom pole piece, two pillars and a top 
pole piece cut by a non-magnetic (generally insulating) 
gap. A conducting coil is wrapped around either the pil- 
lars or the bottom pole piece to provide, when excited 
by an electrical cun^ent, a magnetic flux within the mag- 
netic circuit which magnetizes the recording medium in 
the vicinity of the gap where the flux leaks out in space. 
Preferably, the magnetic heads are of a helical type, for 
example, wrapped around the bottom pole piece to en- 
sure a better coupling with the magnetic circuit, hence 
a lower excitation current or a lower number of turns, 
and a smaller footprint. To fabricate these helical heads, 
it is best to use the thin film technology in which the dif- 
ferent elements are shaped by successive steps of thin 
film deposition, photolithography, etching, with interme- 
diate steps of encapsulation and planarization. The 
heads are fabricated onto a non-magnetic substrate, 
preferably silicon, which acts as the head body. 
[0011] The gap of the upper poles, which is a critical 
part of the magnetic circuit, is fabricated using conformal 
deposition. This techniques uses the following se- 
quence: fabrication of one of the poles, confomial dep- 



osition of the gap, fabrication of the second pole, and 
planarization to bare the gap. With a method of this type, 
as already proposed in the patents U.S. Patent No. 
4,942,490 and International application No. 
5 W099/67777, It is possible to obtain very thin gaps 
(hence large writing fields) at the expense of an oblique 
gap and a residual gap under the first pole piece, hence 
an unnecessary high reluctance of the magnetic circuit. 
The process used in the present invention differs mark- 
to ediy for the above in that it allows a vertical gap with no 
residual gap materia! under any of the pole pieces. 
[0012] Each of the individual excitation coils is con- 
nected to the back side of the substrate by interconnects 
through the non-magnetic wafer. Preferably, the inter- 
ns connects are shifted to the sides of the matrix array itself 
to allow the smallest pitch between each individual 
head. The interconnects can be made by drilling into the 
silicon and filling with a conducting material, by using 
highly doped conductive silicon with etched trenches, or 
20 any other metliod thereof. On the side opposite to the 
heads the interconnects can advantageously be termi- 
nated by low melting temperature bumps such as TlSn 
or SnPb or any other material, in order to allow for the 
connection of the die to the control electronics, for in- 
25 stance through a flex cable. In a preferred embodiment, 
two or more heads have one common lead so as to de- 
crease the number of interconnects. 
[001 3] The individual heads are arranged in rows and 
columns in order to simultaneously write parallel tracks 
30 of data onto the media. The general layout is defined by 
external parameters such as the overall size of the ma- 
trix array, the number of tracks to be written, the data 
track width and the track density, etc. In a preferred em- 
bodiment, the write gaps within a given column (row) 
35 are offset laterally one from another but they remain 
aligned horizontally along a row (column). All the rows 
(or columns) are then parallel one to each other but the 
overall matrix array is not necessarily square. This al- 
lows the writing of adjacent tracks without the need for 
tilting the tape with respect to the head or vice versa. In 
another preferred embodiment, the number of columns 
(or rows) is limited to two so that all the connecting leads 
can be pushed to the outside of the matrix array, hence 
avoiding the need to provide a guardband (i.e. a width 
^5 of the tape with no data written onto It) between blocks 
of tracks from adjacent columns (or rows). In another 
preferred embodiment, the gaps, instead of being all 
similar, have different widths and/or lengths to correct 
the eventual fluctuations in the head to tape positioning. 
50 [0014] The matrix may can be covered with a wear 
resistant material such as diamond-like carbon or any 
material that would exhibit good tribological properties 
against the recording medium. The top surface, which 
con^esponds to the side with heads, and the die as a 
55 whole, can be advantageously shaped to minimize wear 
and/or to facilitate the positioning of the tape with re- 
spect to the head, both laterally and vertically. This may 
include, but is not limited to, rounded edges, special fea- 



25 



30 



3 



4/24/07, EAST 



Version: 2.1.0.14 



5 

tures to evacuate loose particles, protruding heads, etc. 
The area of the die outside the active region where the 
matrix array Is located can also be covered with a ma- 
terial whose properties are well suited against wear, 
electrostatic charging, or other damaging effects. 
[0015] Finally, each head of the matrix array is indi- 
vidually driven via at least one Independent lead of each 
head by the control electronics either through individual 
sources of current^ or through a multiplexing system 
which allows a limited number of heads to be driven at 
one given time. Each head current can be adjusted in- 
dependently to the required value to obtain good writing 
properties, thus enabling the fluctuations due to manu- 
facturing tolerances, lifetime wear and/or tape flutter to 
be leveled out. Moreover, a special writing sequence of 
the heads within a row or a column can be chosen so 
that the crosstalk is minimized, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The main features and advantages of the in- 
vention will appear from the following description of its 
embodiments, the description being made with refer- 
ence to the appended drawings. 

Figure 1 is a top plan view of the elemental head of 
the matrix array according to the invention; 
Figure 2 Is a side cross section along line lt-11 of Fig- 
ure 1; 

Figures 3A, 3B, 3C and 3D are side views which 
show the fabrication procedure of the writing poles, 
Including the gap material, which prevents the ex- 
istence of a secondary gap In the magnetic circuit; 
Figure 4 is a side view which shows the layout of 
the head onto the substrate which will form the body 
of the head (the die), Including the interconnects to 
the back side and the leads to the control electron- 
ics; 

Figures 5A, 5B, 5C and 5D are side views which 
show a preferred process flow to fabricate such a 
head as described in Figures 1-30; 
Figure 6 Is a schematic representation of a 4x8 ma- 
trix array of heads according to the present inven- 
tion; 

Figure 7 is a schematic diagram showing the same 
matrix array layout as in Figure 6 with only the write 
gaps shown and illustrating the relationship to the 
data tracks on the tape; 

Figures 8A, 8B and 8C is a schematic illustration of 
the write gaps of the array when the matrix array is 
square and when it Is oblique with parallel and stag- 
gered gaps, respectively; and 
Figure 9 Is an enlarged view of the circled portion 
of Figure 8C. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] An individual magnetic head con-esponding to 
5 one cell of the matrix array is depicted in Figure 1 . It is 
formed of a magnetic circuit 5 and an excitation conduc- 
tor 6, all being fabricated onto a non-magnetic substrate 
or wafer 7. The magnetic circuit 5 is formed of a bottom 
pole piece 10. two pillars 11 and 12 and two concentra- 
10 tors 13 and 14, ail made of magnetic material such as 
NiFe or any other soft magnetic material with a large 
enough magnetization and permeability. The concentra- 
tors 1 3 and 1 4 are interrupted so as to define a wide gap 
15. On top of the wide gap 15 and connecting directly 
IS to the concentrators 13 and 14 are the two pole pieces 
1 6 and 1 7 fonned of a high saturation magnetization ma- 
terial, In order to prevent the detrimental saturation of 
the poles during writing which could lead to poorly de- 
fined data tracks. The pole pieces 16 and 17 are of a 
20 material that can be, but are not limited to, sputtered 
FeTaN/TaN multilayers or plated FeCoNi, FeCoCr or 
NiFe, all with the appropriate composition. The two 
poles 1 6 and 1 7 are interrupted as to define a small gap 
1 8 which conresponds to the writing gap onto the medi- 
cs um. In one embodiment, one of the sides of the bottom 
pole pieces can be connected to a ground pad 19, as 
shown in Figure 2. In an alternative embodiment, the 
concentrators 13 and 14 and the poles 16 and 17 can 
be merged (part 1 3 with 1 6 and 1 4 with 1 7) so as to have 
30 only one level of fabrication. In this case, there is only 
one gap defined, which corresponds to the writing gap 
18. 

[0018] The gap 18 is defined using conformal depo- 
sition technique as can be seen from Figure 3A to 3D. 
35 The- pole 16 is first deposited onto the planar surface 
fonned of the concentrators 1 3 and 1 4 and the large gap 
15, and Is pattemed so as to define a sharp step 16a, 
as shown in Figure 3A. A sheet film of non-magnetic 
material 20, preferably an insulating material such as 
40 SIO2, AI2O3 or any other material with similar magnetic 
and electrical properties is then deposited so as to cover 
the step 16a, as shown In Figure SB. This can be done 
either by grazing incidence deposition, such as de- 
scribed in the French Patent No. 2,774,499 filed by one 
45 of the applicants or by sheet film deposition using a high- 
ly isotropic deposition technique such as CVD (Chemi- 
cal Vapor Deposition) or PECVD (Plasma-Enhanced 
Chemical Vapor Deposition). The non-magnetic materi- 
al 20 also is deposited on surfaces 16 and 14 forming 
so surfaces 16b and 14b, respectively. 

[0019] As shown In Figure 3C, the non-magnetic ma- 
terial 20, which is also referred to as a gap material 20, 
is then removed from the surfaces 1 6b and 1 4b by any 
appropriate etching process in a way that no or little of 
55 the gap material 20 that was deposited onto the surface 
of the step 1 6a is removed. This is preferably performed 
using the process described in the U.S. Patent No. 
4,942,490. This is particularly important for the surface 
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1 4b of the concentrator 1 4, as any residual gap material 
rennaining on the surface 1 4 introduces a secondary gap 
in the magnetic circuit which will deteriorate the perform- 
ance of the head. The remainder of the gap material on 
the surface 1 6a forms the gap 1 8 of the head. As shown 
in Figure 3D, the second pole material 1 7 as well as an 
encapsulation layer 19 is then deposited and a final 
planarlzation is performed to open the gap 18 and 
achieve the appropriate thickness for the poles 16 and 
17. 

[0020] The excitation conductor 6 is advantageously 
wrapped around the bottom pole piece 10 to obtain a 
better coupling with the magnetic circuit 5. It could also 
in another design be wrapped around one or both of the 
pillars, as described In the U.S. Patent No. 5,853,450 
filed by one of the applicants, although this configuration 
would limit the density integration by imposing a greater 
minimal pitch between adjacent heads. To wrap the con- 
ductor 6 around the bottom pole piece 1 0, several levels 
of micro-fabrication are required in order to achieve two 
levels of the coil 6a and 6b as well as several intercon- 
nects between each level of the coll 6a and 6b. The 
number of turns of the coil 6 wrapped around the bottom 
pole piece 10 depends on the perfomnance required. A 
balance has to be found between a large number of 
turns allowing low excitation currents and a small 
number of turns to achieve low resistance and a small 
footprint. Preferably, the number, of turns is 3 or greater. 
[0021] As shown in Figure 4, the excitation conductor 
6 that Is wrapped around the magnetic circuit 5 is con- 
nected to the control electronics through interconnects 

8 and 9 going through the substrate 7. These intercon- 
nects 8 and 9 can be formed either by drilling holes in 
the substrate 7 and filling them with a conducting mate- 
rial, as is known from the prior art; or by using a conduc- 
tive substrate 7 and drilling holes and trenches to be 
filed by an insulating material and/or a void (such as air) 
as described in the French Patent No. FR 00.02446, 
filed by one of the Applicants. The interconnects 8 and 

9 can be below the heads, but preferably, and for ease 
of fabrication, they are offset to the sides of the head. 
On the side opposite to the head, the interconnects can 
advantageously be terminated by bumps 21 and 22 
made of low melting temperature materials such as TiSn 
or PbSn or any other material with similar properties. 
The bumps 21 and 22 allow for an easy connection to 
the control electronics by wiring using a flex cable, flip 
chip or similar device. 

[0022] The embodiment described above leads to 
writing perfonnances which are much better than what 
is already known from prior art for matrix heads designs, 
in particular those with a single row/column excitation 
conductor. In particular, 

Large writing fields can be achieved with moderate 
excitation currents I, due to the excellent coupling 
between the excitation coil 6 and the magnetic cir- 
cuit 5. 



The Inductance and resistance of the excitation coil 

6 is very low due to its compact design. This is par- 
ticularly important when dealing with high frequency 
properties of individual heads, but also with mag- 

5 netic crosstalk between adjacent cells and overall 
power consumption in matrix arrays. 
The critical dimensions of the head, i.e. the gap 1 8 
thickness and write poles 16 and 17 widths, which 
define the linear and track densities are controlled 

10 by micro-fabrication techniques. 

The heads are collectively fabricated on the wafer 

7 using thin film technologies only, resulting in a re- 
duced cost. 

The head design is scalable to smaller dimensions 
15 (hence providing improved area densities) with no 
major alteration of its output performances, without 
any major modification neither in the design nor in 
the process. 

Each head can be controlled independently through 
20 its two conductors, thus allowing the distributions 
due to fabrication tolerances to be leveled-out by 
fine tuning of the excitation current. 
The heads can be flip-chipped onto the control elec- 
tronics thanks to the interconnects and bumping 
2S technologies. 

[0023] A typical fabrication process flow is shown in 
Figures 5A-5D as an illustration. As shown in Figure 
5A, the interconnects 8a and 9a on the front (heads) 
30 side of the substrate are first fabricated, with the corre- 
sponding insulating material 200. The lead 25 to the first 
level of coil 6a is then fabricated together with the 
ground part 1 9 and a part of the lead 26a to the second 
level of coil (see Figure 5A). The bottom pole piece 1 0, 
35 the pillars 11 and 12, and the lead 26 to the upper level 
of colt 6b are then fabricated (see Figure SB), followed 
by the concentrators 13 and 14, and the top poles 16 
and 1 7 with the gap 1 8 (see Figure 5C). The triboiogical 
overcoat 27 is then deposited as a full sheet film so that 
40 after final planarization there will be no recess in the 
poles as seen by the recording medium (see Figure 
5D). The bumps 21 and 22 are finally made on the back 
side of the wafer and the interconnects 8 and 9 are fin- 
ished on the back-side by etching the wafer 7 to define 
45 pillars 8b and 9b that are insulated from the substrate 7 
by the insulating material 200 and air 28 (as shown in 
Figure 5D). 

[0024] An array of independent heads such as de- 
scribed above can be used to write parallel data tracks 
50 on linearly moving tapes. A typical matrix array layout 
of 4x8 heads H^^, H^2> ^la* ^63 ^84 shown In 
Figure 6 as an illustration. The corresponding layout of 

the write gaps g^ (gy=gii, g^g. 913 983. 984). which 

define the location at which the data tracks are written, 
55 Is shown in Figure 7. The direction of motion of the tape 
is perpendicular to the gaps gy, as indicated in Figure 
7. The area density that can be achieved by multiple par- 
allel tracks on recording tapes is the product of the track 



25 



30 



35 



40 



45 



50 



5 



4/24/07, EAST 



Version: 2.1.0.14 



9 



EP 1 381 031 A1 



10 



density across the tape (transverse to the tape motion) 
and of the bit density along a track (longitudinal to the 
tape motion). The bit density is determined by a complex 
convolution of the gap 1 8 thickness, the linear motion of 
the tape and the write frequency. The track density, how- 
ever, depends strongly on the layout of the gaps g^; the 
Important factor being the width of an individual track 
(also referred to as trackwidth) 40, which Is more or less 
equal to the widths 41 of the gaps gjj, the distance be- 
tween neighboring gaps gy (crosstrack pitch) 42, which, 
if smaller than the gaps gy widths 41 , leads to a non- 
zero overlapping of adjacent tracks and the distance be- 
tween adjacent columns of heads (provided as a guard- 
band) 43 which will be described below. 
[0025] On paper, the distance 46 between gaps gy 
and gj^i j within a same column (on-track pitch) does not 
play any role on the area density, given that the writing 
frequency and the tape speed are kept to a constant ra- 
tio. However, due to imperfections in the guidance of the 
tape, leading to tilting of the tape 3 with respect to the 
head die 4, a significant data track overlap can happen 
between the last head of a row and the first head of the 
adjacent row (for example on Figure? g^g ^"^^ Qaa)* ™^ 
track overlap can be particularly detrimental if it is large 
enough to erase totally or partially one track of data. For 
a given skew of the tape, this track overlap is Increased 
when the overall on track pitch is Increased. Given that 
most linear tape drives have no or very limited servoing 
capabilities to control the tape skew, it Is therefore very 
important to keep this on-track pitch to its minimum. 
Therein lies the requirement for a compact individual 
head design such as that described in the present in- 
vention: The helical coil design allows for a much greater 
compactness than other designs of the prlorart, keeping 
however the large number of turns (hence the low exci- 
tation current) and the independent control of the heads 
which is difficult using the conductors matrix excitation 
scheme as described in the previous documents cited 
therein. 

[0026] In a preferred embodiment, the gaps gy can 
have different widths 41 and/or lengths 45, in particular 
at the top and bottom of each column, in order to mini- 
mize the effect of tracks overlapping due to such things 
as tape skew, mechanical tolerances, environmental 
factors affecting the media, etc. 
[0027] To write on the tape parallel adjacent tracks of 
trackwidth 40, it is possible as Is known from the prior 
art using square matrix arrays of heads to tilt the head 
die 4 with respect to the tape 3 as disclosed in Figure 
8A. The tilt angle 50 is such that the projection 43 along 
the direction 51 of the tape motion (also referred to as 
the downtrack direction) of the gaps gy width 41 , is equal 
to the projection 45 along the same direction of the dis- 
tance 42 between neighboring gaps gy and along 
one given column. By doing so, packs of data tracks of 
trackwidth 40 are written by each set of column of the 
matrix array. Similarly, the projection 44 along the same 
direction 51 of the distance between the left (right) side 



of the last gap 55 of a given row and the left (right) side 
of the first gap 66 of the next adjacent row must be great- 
er than the trackwidth 40 to ensure that packs of data of 
neighboring columns do not overiap. If the distance 44 
s Is larger than the trackwidth 40, then a band of tape with 
no data (a guardband 60) is present between two packs 
of data of neighboring columns. Although such a guard- 
band 60 may be helpful in some points, It is certainly 
detrimental in terms of area density. 
10 [0028] The major drawback to a non-zero tilt angle 50 
Is that data will be written at a non-zero azimuth angle. 
In a preferred embodiment of the Invention, the matrix 
array Is not square but oblique as defined on Figure 8B. 
This allows the head die 4 and the tape 3 to be aligned 
IS during operation, i.e. the direction of motion of the tape 
51 and the edges 58 and 59 of the head die 4 are per- 
pendicular. In order to write parallel adjacent tracks, the 
neighboring gaps gy and gy^^ along one given column 
must be such that projected along the tape motion di- 
20 rection 51 the right (left) edge 61 of gy is adjacent to the 
left (right) edge 62 of the gap gj+^j. Similarly, the edge 
63 facing the next column of the last gap In a given col- 
umn must be, when projected along the direction 51 , ad- 
jacent to edge 64 facing the given column of the first gap 
2s of the next column in order to ensure proximity between 
the tracks. By doing so, it is now possible to write adja- 
cent parallel tracks on the media 3. In a preferred em- 
bodiment, the sides 58 and 59 are blended to an appro- 
priate curvature so as to introduce a negative pressure 
30 during the motion of the tape 3 between the top surface 
of the head die 57 and the bottom surface of the tape 
3a. In another preferred embodiment, the top surface of 
the head die 57 can be designed with a 3-dlmensional 
profile that favors the evacuation of loose media parti- 
es cles that may damage the heads of the matrix array. Fi- 
nally, in another preferred embodiment the top surface 
of the head die 57 can be covered fully or partially at 
well defined locations by a wear resistant and/or elec- 
trostatic resistant material to minimize wear and/or elec- 
40 trostatic discharges during operations. 

[0029] in another preferred embodiment, the geome- 
try of the matrix an^ay can be advantageously reduced 
to two columns (of n rows) to facilitate the layout of the 
Interconnects while keeping proximity between adjacent 
45 blocks of tracks of neighboring columns. By doing so, it 
is possible to push all the leads and interconnects out- 
side of the matrix an^ay. This not only eases the manu- 
facturing process, but it also facilitates the further mini- 
aturization when track widths will be reduced in next 
50 generation products. It will then be possible to scale 
down the whole matrix array while keeping similar per- 
fomnances. 

[0030] The gaps gy have been so far considered hor- 
izontally aligned in the crosstrack direction 52 (perpen- 
55 dicular to the direction of the tape 51). It is, of course, 
possible to have the rows shifted vertically (along the 
tape direction 51). It Is also possible to have the gaps 
gjj staggered within a given column as shown In Figure 
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8C. This particular arrangement allows adjacent tracks 
65 and 66 to have different (for exannple opposite direc- 
tions 67 and 68 on Figure 8C) orientation with respect 
to the tape motion direction 51 . This bits/tracks config- 
uration, which is called azimuthal recording, is well 
known in the prior art to minimize the potential crosstalk 
between adjacent tracks when reading the previously 
written data tracks. The adjacent tracks 65 and 66 are 
shown in detail in Figure 9. 

[0031 ] Finally, some specific heads of the matrix array 
could be used for servoing as suggested in the U.S. Pat- 
ent No. 5,122,917. Advantageously, thanks to the de- 
sign and fabrication process of the invention, this (these) 
servo head(s) could be positioned on the head die 4 out- 
side of the matrix array. This (these) servo head(s) could 
also have different geometry than that of the heads with- 
in the matrix array, in particular as far as the trackwidth 
40, the gap width 18, and the number of turns of the 
excitation coil 6 are concerned. 
[0032] As seen from the above description, one of the 
major advantages of the invention is the possibility to 
control independently the excitation current of each 
head of the matrix array. This is similar to what is done 
in the prior art for arrays of heads formed by merging 
independent single element heads by gluing, bonding 
or some other assembly technique with the additional 
advantage of low cost implementation and iow down- 
track pitch 46. In this framework, each head can be ex- 
cited sequentially or several of them can be excited si- 
multaneously to take full advantage of the increased 
parallelism resulting from the large number of heads in 
the an^ay. if the heads in the array have no common lead, 
this independent control is straightforward. If two or 
more heads in the array have a common lead, the inde- 
pendent control is still possible if the common lead is the 
ground lead, for example, although Independent control 
would still be possible if the common lead is not the 
ground lead. 

[0033] A major advantage of the present invention is 
that the independent control of the individual heads al- 
lows for a complete freedom In the sequence and format 
(number of heads excited, polarity and amplitude of the 
excitation, etc.) of the excitation. The major drawback 
in matrix arrays during the writing sequence is the cross- 
talk, e.g. the parasitic writing (full or partial) of the media 
by heads that are not selected to write. This can happen 
either by stray fields from and to the magnetic circuits 5 
of adjacent heads, inductive and/or capacitive coupling 
through the coll and/or the connecting leads, or direct 
excitation by the coils and conductors if they are con- 
nected in series for several heads. The stray fields are 
particularly critical in designs known from the prior art 
and several alternatives have been envisioned to over- 
come this issue, as described at the beginning of this 
document. The most obvious alternatives are sending 
an excitation signal of an opposite polarity in the heads 
through a well defined resistor (but this complicates the 
conductors layout a lot) or through a complex recording 



scheme and addressing ICs. When the heads are con- 
trolled independently as is the case in the present In- 
vention, this tactic can be done simply, by the direct in- 
jection of a current in the non-selected cells. There are 
5 numerous other approaches known from the prior art or 
which are possible with the present invention that we do 
not discuss further here. The above mentioned ap- 
proach should by no means be taken as a unique solu- 
tion. 

10 [0034] The addressing of the different elements of the 

heads is generally done by the control electronics within 
the electronic board of the drive. Advantageously in the 
present invention, the non-magnetic substrate 7 can be 
made of silicon which allows for the control electronics 
f 5 to be Integrated within the substrate 7 and consequently 
within the head die 4, either as a whole or only partly. 
Advantageously, at least the multiplexing electronics is 
integrated within the head die 4 so as to minimize the 
overall resistance and inductance of the excitation 
20 leads. Another possibility is to flip-chip the head die 4 
directly onto another substrate including the control 
electronics using the array of bumps 21 and 22. This 
approach takes full advantage of the interconnects and 
bumping technology as described in the present inven- 
25 tlon, 

[0035] The device of the Invention can be advanta- 
geously used coupled with a read head as described in 
the U.S. Patent No. 5,920,538 filed by one of the appli- 
cants, wherein the information written on the recording 
30 medium Is duplicated by a magnetic layer formed of a 
Faraday layer and possibly a Kerr layer deposited at the 
surface of the read head facing the medium. 
[0038] Thus, there is shown and described a magnet- 
ic head matrix array with each head magnetically and 
35 electrically independent of one another. The heads are 
formed with full use of thin film technology and are 
formed to optimize head position. 
[0037] Although other modifications and changes 
may be suggested by those skilled in the art, it is the 
40 intention of the inventorto embody within the patent war- 
ranted hereon all changes and modifications as reason- 
ably and properiy come within the scope of their contri- 
bution to the art. 

[0038] The features disclosed in the foregoing de- 
45 scription, in the claims and/or in the accompanying 
drawings may, both separately and In any combination 
thereof, be material for realising the invention in diverse 
forms thereof. 



1 . A device for recording information onto a magnetic 
medium, comprising: 

55 

a matrix anray in a single plane facing the mag- 
netic medium, said matrix array Including mag- 
netic recording heads arranged to form said 
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matrix array, said magnetic recording heads 
each Including a magnetic circuit and each de- 
fining a gap in said magnetic circuit; 
excitation coils for said magnetic recording 
heads connected to Independently control each s 
of said magnetic recording heads; 
control electronics; 

connection conductors for each of said magnet- 
ic recording heads connecting said control 
electronics to said excitation coils; and 10 
a head die formed of a non-magnetic substrate 
material on which said device is fabricated fully 
by planar thin film technology. 

2. A device as claimed In claim 1 , wherein said con- 
nection conductors of each of said magnetic record- 
ing heads are independent of conductors of others 
of said magnetic recording heads. 

3. A device according to claim 1 , wherein at least one 20 
of said connection conductors of each of said mag- 
netic recording heads is independent from others of 
said connection conductors of the matrix array, an 
other of said connection conductors being common 
with two or more of said connection conductors of 25 
others of said magnetic recording heads of the ma- 
trix array, 

4. A device as claimed in claim 3, wherein said com- 
mon connection of said conductors are ground con- 30 
ductors. 

5. A device according to claim 1, wherein said mag- 
netic circuits of said magnetic recording heads each 
having a lower part, said excitation conductors of 33 
each individual ones of said magnetic recording 
heads being wrapped around said lower part of the 
magnetic circuit of said magnetic recording heads 

so as to fonn a compact helical coil. 

40 

6. A device according to claim 5, wherein said excita- 
tion conductors are wrapped around said lower part 
by a number of turns that is greater than three. 

7. A device according to claim 1, wherein at least 45 
some of said connection conductors connecting 
said excitation conductors to said control electron- 
ics are interconnects In said non-magnetic sub- 
strate material. 

50 

8. A device according to claim 7, further comprising: 

at least one of bumps and pads at ends of said 
interconnects so as to allow direct assembly 
and electrical connection with the subsequent 55 
elements used to link the head to the control 
electronics. 



031 A1 14 

9. A device as claimed in claim 1 , wherein said mag- 
netic recording heads include first and second 
poles, said magnetic heads including gap material 
in said gap, said gap material being provided by 
confomnal deposition on said first pole and being 
absent from under said second pole. 

10. A device according to claim 1 , wherein said matrix 
an^ay is rectangular, said matrix array being fomned 
of n rows and m columns, wherein the gaps are po- 
sitioned with their width along the rows and their 
length along the columns, said n rows and m col- 
umns being parallel one to another so as to write 
parallel and adjacent tracks onto the medium when 
the magnetic medium and said head assembly are 
tilted relative to one another. 

11. A device according to claim 10, wherein the gaps 
have different projected widths in a direction per- 
pendicular to a motion of the recording medium. 

12. A device according to claim 10, wherein an offset 
between said gaps in a given column Is such that 
when projected along the direction of the motion of 
the recording medium one side of a given gap is 
adjacent to an opposite side of an adjacent next or 
previous gap in a same column. 

13. A device according to claim 10, wherein an offset 
between a last gap of a given column and a first gap 
of a next column is such that when projected along 
the direction of the motion of the recording medium 
a side facing the next column of said last gap on 
said given column is adjacent to a side facing said 
given column of said first gap of the next column to 
ensure proximity between neighboring packs of 
tracks written by said given columns of gaps. 

14. A device according to claim 1 , wherein said matrix 
array is oblique, said matrix array being fomned of 
n rows and m columns, wherein said gaps are po- 
sitioned with their width along the rows and their 
length along the columns, said n rows and m col- 
umns being parallel one to another, wherein said 
gaps are aligned within each row and offset within 
each column so as to write parallel tracks onto the 
recording medium, said recording medium moving 
in a direction perpendicular to the direction of. the 
rows and to the gaps. 

15. A device according to claim 14, wherein the gaps 
have different projected widths in a direction per- 
pendicular to a motion of the recording medium. 

16. A device according to claim 1, wherein adjacent 
ones of said gaps within one given column are stag- 
gered, said gaps being alternatively tilted with re- 
spect to a perpendicular to a direction of motion of 
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the recording medium with opposite angles from 
one head within a given column to a next head with- 
in said given column such that bits on the recording 
medium are written at an angle different from 90 de- 
grees with respect to a direction of motion of the 
recording medium, said angle alternating from one 
given tracic to a next adjacent track to achieve azi- 
muthal recording. 

17. A device according to claim 16, wherein the gaps 
have different projected widths in a direction per- 
pendicular to a motion of the recording medium. 

18. A device according to claim 1 , wherein a number of 
columns is limited to two. 

19. A device as claimed in claim 18, wherein intercon- 
nects are outside of a matrix heads area. 

20. A device according to claim 1 , wherein a number of 
columns Is limited to one. 

21. A device as claimed In claim 20, wherein intercon- 
nects are outside of a matrix heads area. 

22. A device according to claim 1 , further comprising: 

a head die having said matrix array, front and 
back edges of a head die are blended so as to 
provide a negative pressure on moving record- 
ing medium, said negative pressure being max- 
imum in the vicinity of the matrix array. 

23. A device according to claim 1 , further comprising; 

a head die having said matrix an^ay, a surface 
of the head die facing the recording medium be- 
ing shaped so as to fomn a tape bearing sur- 
face, said tape bearing surface inducing a neg- 
ative pressure on the tape, said negative pres- 
sure being maximum in a vicinity of said matrix 
array, and an air flow that prevents loose parti- 
cles of moving across the heads matrix array. 

24. A device according to claim 1 , further comprising: 

a head die having said matrix array, a surface 
of the head die facing the recording medium be- 
ing covered by a wear resistant material, said 
wear resistance material covering at least part 
of said surface of the head die. 

25. A device according to claim 1 , further comprising: 



28. A device according to claim 25, wherein said servo 
heads are located within the matrix array. 

27. A device according to claim 25, wherein said servo 
5 . heads are located outside of the matrix array on a 

different region of said head die. 

28. A device according to claim 25, wherein said servo 
heads are similar in their geometry and performanc- 

10 es to the write heads of the matrix array. 

29. A device according to claim 25, wherein said servo 
heads are different In their geometry and perfomi- 
ances to the write heads of the matrix array. 

15 

30. A device according to claim 1 , wherein control of 
the individual heads of the matrix array Is Independ- 
ent so that each head Is excited independently 
through its con-esponding conductor. 

20 

31 . A device according to claim 30, wherein absolute 
values of excitation currents are different for each 
said head so as to favor efficiency of writing onto 
the medium. 

25 

32. A device according to claim 30, wherein said exci- 
tation is sequential. 

33. A device according to claim 30. wherein said excl- 
30 tation of the heads in said matrix array is simulta- 
neous. 

34. A device as claimed in claim 30, wherein said exci- 
tation is other than sequential or simultaneous, and 

35 favors efficiency in writing onto the medium to min- 
imize writing to the recording medium onto tracks 
adjacent to a track selected to be written by said 
. selecting head. 

^0 35. A device according to claim 30, wherein an excita- 
tion sequence is such that secondary excitation cur- 
rents are sent simultaneously into the heads adja- 
cent within a given column to the head that Is se- 
lected to write via a primary excitation current, said 

45 secondary excitation current being opposite in sign 
to the primary excitation current and with an abso- 
lute value to minimize corresponding writing on the 
recording medium of tracks adjacent to a track se- 
lected to be written by said corresponding selected 

50 head. 

36. A device according to claim 30, wherein the control 
electronics is at least partially embedded into the 
substrate, said control electronics being processed 
on a same substrate prior to fabrication of the matrix 
array and connected to the excitation conductors by 
interconnects. 



a head die having said matrix array, at least one 55 
of the heads of the matrix array are used to con- 
trol a position of the recording medium with re- 
spect to the head die as servo heads 
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37, A device according to claim 30, wherein the head 
die is assennbled onto another adjacent substrate 
having the control electronics, a connection be- 
tween the excitation colls of said head die and the 
control electronics being provided by pads and s 
bumps on at least one of said head die and said 
control electronics substrate. 

38. A device according to claim 1 , wherein said device 

is used In a linear tape drive. io 
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